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In this paper will be presented the results of some experiments on the changes 
occurring in the K  balance of sea urchin eggs on fertilization. This investigation 
is the continuation of work undertaken by one of us on the changes in electro- 
lyte balance of the eggs upon activation. 
In view of the great importance that in recent years has been ascribed to K 
in many biological processes and in view of the investigations of RunnstrSm 
(1925)  showing that lack of K  induces marked alterations in the development 
of sea  urchin  eggs,  we  have undertaken  an  analysis of  the  behavior of  this 
ion during the very early stages following fertilization of the eggs. 
That fluctuations in electrolyte concentration occur during this period has already 
in part been demonstrated. Mazia (1937) first reported that in the eggs of Arbacia a 
release of bound Ca occurs in the first 10 minutes following fertilization. Later investi- 
gations (0rstrSm & 0rstrSm, 1942; Monroy Oddo, 1945) proved that Ca is not only 
released in the interior of the egg but is actually lost by it during the first ~  hour fol- 
lowing fertilization. Also Mg was shown to be lost by the egg at the same time (Monroy 
Oddo, 1945). 
The results presented here clearly show that marked changes also occur in 
the  content and distribution  of potassium in the egg on fertilization. 
In this paper two points will be dealt with: (1) changes in the total K  content 
of the  eggs following  fertilization;  (2)  response  of unfertilized  and  fertilized 
eggs when  treated  with  K-free sea water. 
1.  Changes  in  the  Total  K  Content  of the  Eggs  Following  Fertilization 
For these experiments eggs of Arbacia Uxula and Paracentrotus lividus were used. 
These were collected by gently shaking the gonads in sea water and filtering the eggs 
through silk gauze. Unfertilized and fertilized eggs were washed a  few times in sea 
water and then rapidly in cold K-free artificial sea water (pH -- 7.5-7.8), gently centri- 
fuged, and resuspended in a very small amount of K-free artificial sea water. All these 
operations were carried out in the cold room at about 4°C. Preliminary experiments 
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showed that ff washing of the eggs in K-free artificial sea water was  done  at room 
temperature, appreciable release of K  occurred. For the analysis four samples were 
pipetted out from the egg suspension: two of them were used for N determination and 
two for K estimation. The samples for K analysis were ashed and determined according 
to Salit (1940). N  determination was done by micro-Kjeldahl. 
TABLE I 
K  Content of the Eggs in Different Stages Following Fertilization 
Arbacia lixula 
Mean values ................ 
Paracentrotus lividus 
Mean values ................ 
Un- 
fertilized 
mg, 
31.30 
26.40 
28.27 
30.00 
30.00 
32.30 
26.70 
27.40 
30.40 
33.20 
30.60 
29.68 
24.02 
27.30 
24.51 
26.20 
25.80 
25.50 
K/100 mg. N 
Time after fertilization 
10 mlm  20 rain.  30 rain.  40 mln.  50 mln. 
rag.  rag.  mg.  mg. 
34.10  31.40  31.20 
32.80  31.10 
32.33  24.90 
24.20  26.00 
60 rain. 
mg. 
35.60  30.60  31.20 
23.00  21.10 
25.30 
28.20  28.60 
38.70  30.40  24.20  20.60 
35.30  25.80  22.60  30.80 
34.80  27.40  25.10  22.20  29.10  30.20 
34.20  26.30  21.10  24.60 
36.80  30.20  22.40  27.90 
35.40  25.80  25.00 
35.20  18.20  18.00 
34.60  24.90  22.30  24.30  26.80 
35.20  26.80  20.30  20.40  24.40  26.50 
The  results of these  experiments are summarized in Table I  and  Graph  1. 
It appears from the data that in the first 10 minutes following fertilization an 
increase of total K  occurs in the eggs. This amounts  to about  17 per cent of 
the total K  present in the unfertilized egg of Arbacia and to about 40 per cent 
in the eggs of Paracentrotus.  In the following 30 to 40 minutes a  fairly marked 
decrease of the total K  content of the eggs takes place. The minimum point of 
the curve is attained at 40 minutes after fertilization in Arbacia and at 30 min- 
utes  in  Paracentrotus.  This  point  coincides with  the  "nuclear  streak"  stage. 
It  is known  indeed  that  the  time  between  fertilization and  first  cleavage is 
longer in  Arbacia  than  in  Paracentrotus  (see  Callan,  1949).  The  highest  loss ANNA MON'ROY ODDO  AND MARIA ESPOSITO  287 
of K  by the eggs is approximately 25 per cent of the amount present in  the 
unfertilized eggs in Arbacia and 20 per cent of that in Paracentrotus.  Mter 40 
minutes the K  content begins to rise again and when the first cleavage sets in 
almost the same value as in unfertilized eggs is attained. 
Three phases can thus be distinguished  with respect to the fluctuations in 
total K  content  of Arbacia and Paracentrotus  eggs after fertilization:  (1)  an 
uptake of K  during the first 10 minutes following fertilization; (2) a leakage of 
K  from the eggs occurring between  10 and 40 minutes after fertilization;  (3) 
a  second uptake that reaches its highest point just before the first cleavage. 
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GRAI~ 1.  Total K content of eggs of Arbacia lixula  and Paracenlrotus lividas at 
different times after fertilization. 
2.  Treatment of the Eggs with K-Free Artificial Sea Water 
As a further approach to our problem we have tried to establish the amount 
of K  present in the eggs in a  non-diffusible condition and its changes, if any, 
upon fertilization. 
Since 1906, when Jacques Loeb suggested that in cells K is mostly present in undis- 
sociated condition, a  vast literature has developed concerning the question of the 
"bound" and "free" K, although the real significance of free and bound is in this ease 
as yet obscure. As a matter of fact, no actual demonstration has yet been given of the 
existence of a chemical bond between K and proteins or other cell constituents. What 
is clearly established is that cells in unbalanced salt solutions lose that part of their 
salts which is lacking in the medium (see Steinbach, 1940). The case of K is illustrated 
by muscle (Mitchell and Wilson,  1922; Ernst and Scheffer,  1928) which in a K-~ree 
Ringer solution, undergoes a sudden loss of 10 to 15 per cent of its K content. The part 
that does not diffuse at once is firmly retained even after prolonged washings in the 288  CHANGES  IN  POTASSIUM  CONTENT  OF  SEA  URCHIN  EGGS 
K-free solution. Whether, however, this non-diffusible fraction can be actually con- 
sidered as bound is not yet clarified. 
For these experiments eggs of Arbacia lixula were used.  (For the collection 
of the eggs and the sampling of the material, see section 1.) During the experiment 
the eggs were kept in K-free artificial sea water in rectangular glass containers 
of about 100 ml. capacity and were submitted to a very slow continuous shaking. 
At different time intervals samples were pipetted out and analyzed for K  and 
N  as described previously. 
TABLE II 
K Conterg in Arbacia Eggs ca Different Times in K-Free Artificial Sea Wcaer 
Mean  values  .... 
0 rain. 
mg.  mg. 
30.00  18.6C 
33.20  15.9{3 
28.70  20.20 
30.60  18.20 
K/IO0 rag.  N 
Time after beginning of the experiment 
$ mln.  10  rain. 15  mln. 20  rain. 25  rain, 
mg.  rag.  mg. 
25.40  20.3C  18.40 
16.20  15.60 16.80 
21.30  20.50 17.50 
mg. 
18.10 
17.3(3 
16.30 
17.2C 
30  mln. 35  min~140 rain. 50  mln 
I 
mg.  mg.  mg.  mg. 
17.90  17.40  16.9( 
16.40  17.30  17.4C 
16.40  16.20  15.4C 
16.90  16.90  16.5C  20.90  18.80 17.60 
Fertilization  T 22.0c  25.40 22.60 17.50 16.8( 
18.6c  23.10 18.90 18.60 16.9( 
20.9c  22.60 21.50  15.40 16.9( 
Mean values  ......  20.5C  23.70 21.0~ 17.10 16.8( 
The  results  of these  experiments,  summarized  in  Table  II and  Graph  2, 
are based on the mean values of three experiments carried out under the same 
conditions. 
The results of the experiments show that in unfertilized eggs two K fractions 
can  be  distinguished,  namely one  that  easily  diffuses and  another  one  that 
does not diffuse under the conditions of our experiments. 
When  unfertilized  eggs  of  Arbacia  are  treated  with  K-free  artificial  sea 
water,  a  strong release  of K  occurs during the first 5 minutes amounting to 
about 40 per cent of the total K content of the eggs. In the following 10 minutes, 
however, a  smaU amount of K  is taken up again. A further release then occurs 
between  10  and  20  minutes,  when  a  condition  of  equilibrium  seems  to  be 
attained. In fact practically no further changes were observed up to 50 minutes 
after the beginning of the experiments.  At that moment the total K  content 
of the eggs amounts to about 57 per cent of the normal content of the  un- ANNA  MONROY  ODDO AND  MARIA  ESPOSITO  289 
fertilized ones. We have no evidence so far about the significance of the small 
Uptake of K  occurring between 5 and 10 minutes. It should, however, be noted 
that there is here an analogy with the remarkable rhythmic changes observed 
by Brooks (1940) in living cells during the uptake of radioactive ions, that he 
considers to depend on changes in protoplasmic structure and electric resistance. 
At about 20 minutes after the beginning of the experiment, when the new 
equilibrium was supposedly attained,  the eggs were fertilized by the addition 
of a small drop of a concentrated sperm suspension. The first sample for analy- 
sis was collected 5 minutes later. One part of the eggs was left unfertilized and 
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GRAPH 2.  The process of K release irom unfertilized eggs of Arb¢~io lix~a in K- 
free artificial sea-water (lower curve). The upper curve shows the temporary uptake 
ol K when these eggs are fertilized. 
used as a  control. In the first 10 minutes after fertilization K  is taken up by 
the eggs and the K content of the eggs rises to a value that is about 78 per cent 
of the normal for unfertilized ones. With respect to the amount present in the 
eggs before fertilization,  the  gain is  about 49 per cent.  In  the following 10 
minutes K is lost again and the value of the unfertilized treated eggs is reached 
in about 5  or  10 minutes.  Immediately after fertilization therefore the eggs 
must be able to concentrate even the very small amounts of K  that have been 
previously released by the unfertilized ones at the beginning of the treatment 
with the K-free artificial sea water.- 
In some experiments the water was changed once before fertilization so as 
to avoid having any K  present in the medium. Also in these eggs fertilization 
occurred normally but no increase of K  was observed. 290  CHANGES  IN POTASSIU~  CONTENT  OF  SEA URCIIIN EGGS 
In the course of these experiments an abnormal behavior of some batches of eggs 
was observed. In the spring of 1949 for some unknown reasons in the Gulf of Naples 
the sea urchin eggs were of unusually inferior quality; i.e., very often they were quite 
irresponsive to insemination. In such cases the K  content was higher than ordinarily 
found; namely, of about40 mg./100 mg. N. When these eggs were treated with K-free 
artificial sea water, the K  release was greater than in normal eggs, as appears from 
Graph 3. Moreover the recovery period, that in normal eggs occurs between 5 and 10 
minutes, was in such eggs very small or not present at all. 
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GP.APH 3.  Release of K  from unfertilizable eggs of Arbada lixula in K-free artificial 
sea-water. 
These  results  show  that  in  the  unfertilized eggs  of Arbacia  about  60  per 
cent of the total K  is present in a  non-diffusible condition. Whether this non- 
diffusible fraction can  actually be  considered as  "bound"  is a  question  that 
the present  experiments do not allow one  to decide. 
DISCUSSION 
The results of the experiments outlined above are certainly far too incomplete 
to permit  a  conclusion  of general significance. Let us,  however,  consider  the 
significance of the changes in K  content  of the eggs during the one-cell stage. ANNA  MOXROY  ODDO  AND  MARIA  ESPOSITO  291 
The investigations carried  out on changes  occurring  in K  distribution in 
different cells during activity provide  evidence  that  those  changes  are  de- 
pendent on metabolic processes in which Carbohydrates and their derivatives 
seem to play a special role. The nature of the metabolite or metabolites inducing 
the K shifts is thus far a matter of speculation  (see review by Brooks,  1947). 
The most commonly  held view is that K shifts in the cells are due to an exchange 
with H ions (Rothstein and Haege,  1943; Conway and O'Malley, 1943; Con- 
way and Brady, 1947). According to Brooks  (1947) the curves produced by 
Pulver and Verz~r (1940) of the K uptake and release by yeast ceils in a glucose- 
containing medium during the first 10 minutes show that K  shifts reflect the 
countergradient of the H. ~rkov (1950) has recently emphasized the relation- 
ships  between  K  uptake and increase in O, consumption.  These two events 
are generally--but not necessarily--accompanied by acid production. Besides, 
studies on the accumulation of salts have shown a close relationship  between 
this  process  and  aerobic  metabolism  and  protein  synthesis  (Steward  and 
Preston, 1941; Hoagland, 1940). 
Since the investigations of Warburg (1908) it has been known that in the 
sea urchin eggs a  sudden increase of 02 consumption occurs during the first 
10 minutes following fertilization.  It was later shown by Runnstr6m (1933) 
that at the same time the production of an acid takes place. It seems therefore 
quite reasonable  to assume also in sea urchin eggs the existence of a  similar 
relationship between the K uptake after fertilization, increased O, consumption, 
and acid production. 
The following step,  namely the release of K, could be accounted for by the 
exhaustion of the reaction determining the first uptake. As a  matter of fact 
it is known that most of the reactions taking place in the egg immediately  after 
fertilization (e.g.  increased  O, consumption,  acid production, glycogen break- 
down, etc.) go to completion within the first 10 minutes or about that. 
It is more difficult  to give  an interpretation of the second  uptake of K, 
namely after 40 minutes. However,  it seems interesting to recall that at that 
time also Ca and Mg have been found to be taken up again by the egg (Monroy 
Oddo,  1946). 
Another possibility,  however,  must be  taken into account in interpreting 
these results. The rapidity with which the exchange of K takes place in the sea 
urchin egg after fertilization suggests that the cortical layer may be primarily 
involved in this process.  As has been  previously mentioned, fertilization in 
sea urchin eggs is followed by a  release of Ca and Mg. Mazia (1937, 1940) 
assumes  that Ca is released from the cortical  layer of the egg, although this 
assumption is  thus far not supported by any direct experimental  evidence. 
If this interpretation should prove to be correct,  it may be suggested that on 
fertilization K  is exchanged  with Ca in the cortical  layer of the egg.  Some 
circumstantial evidence in favor of this assumption can be found in the changes 292  CHANGES  IN  POTASSIUM  CONTENT  OF  SEA  URCHIN  EGGS 
that are known to occur in  the cortical layer of the egg on fertilization (re- 
viewed by RunnstrSm, 1949). Monroy and Montalenti (1946, 1947) have shown 
that  the  cortical birefringence present  in  the  unfertilized egg  disappears  on 
fertilization and  that  in  the  first  minutes  following fertilization the rigidity 
of the egg surface is much less than in the unfertilized one. They assume that 
in  these early stages  a  broadening of the intermicellar spaces of the cortical 
layer takes place.  An exchange between Ca  and K  may well play a  part  in 
this  process.  Ca,  indeed,  is  known  to  increase  the  intermolecular  cohesive 
forces, K  acting in the opposite direction. The rapid uptake and release of K 
occurring  in  eggs' fertilized after  treatment  with  K-free artificial  sea  water 
could also be accounted for at least in part  as a  cortical phenomenon. 
SUMMARY 
In the eggs of Arbacia lixula and Paracentrotus  lividus an uptake of K  occurs 
during the first 10 minutes following fertilization. Between 10 and 40 minutes 
K  is then released. Both in Arbacia and in Paracentrotus  the minimum point of 
the curve coincides with the nuclear streak stage. A maximum loss of 25 per" 
cent in Arbacia and 20 per cent in Paracentrotus  with respect to the amount 
present in the unfertilized eggs has been found. From 40 minutes up to 1 hour 
K  undergoes a  further increase and when the first cleavage sets in  the same 
amount of K  is present as in the unfertilized eggs. 
By treating the eggs with K-free artificial sea water it has been established 
that about 60 per cent of the K  content of the eggs is in a  non-diffusible con- 
dition.  Also under such conditions the eggs when fertilized are able  to  take 
up even the very small amount of K present in the medium that was released 
by them prior to fertilization. 
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